Abstract. In view of the low prediction accuracy of short-term wind speed, a forecasting method based on simulation annealing particle swarm optimization BP neural network (SAPSO-BP) was proposed. The simulation results showed that the average absolute error and mean squared error of the proposed prediction model were better than several other optimization algorithms, and had better robustness, could be used for short-term wind forecasting.
Introduction
Wind speed has the randomness and other features, resulting in wind farm output power volatility and intermittent, thus endangering the safety and stable operation of the power grid. Therefore, reliable forecasting wind speed has important practical implications for the economic dispatch of the grid. Currently seen in the literature of wind prediction methods are neural network [1] , support vector machines [2] , wavelet analysis [3] as well as some optimization algorithms [4, 5] . However, due to the wind speed is affected by temperature, pressure and other natural environmental factors, leading to the prediction accuracy of a single model was often low, the error was usually 25% to 40%.
Since the neural network has unique advantages in data processing, this paper introduces neural network model. By weakening the original wind speed random sequence, to improve the robustness and fault tolerance of the model. Meanwhile, BP neural network is easy to fall into local minima, difficult to guarantee global optimization and other defects, the researchers combine genetic algorithms, particle swarm algorithm with BP algorithm to improve the performance of BP network. Genetic algorithm exist crossover and mutation, and the more complex encoding. Although the particle swarm algorithm is simple, but still easy to premature convergence phenomenon. Simulated Annealing Particle Swarm Optimization (SAPSO) Integrated global particle swarm optimization capabilities and the ability of simulated annealing algorithm to escape from local optimal solution [6] , this paper constructed neural network model based on simulated annealing Particle Swarm Optimization, and forecasted wind farm short-term wind speed, effectively improved the prediction accuracy of the model.
Model Implementation Process
Realization of Simulated Annealing Particle Swarm Optimization. Simulated Annealing Particle Swarm full used of particle swarm's rapid convergence and the simulated annealing algorithm's global convergence, SAPSO optimization BP neural network algorithm (SAPSO-BP) was usually used to optimize BP network weights, threshold parameters, and to adapt function to a minimum. The algorithm steps were as follows [7, 8, 9] :
(1) Determined the topology of BP neural network (2) Initialized the particle swarm (3) Determined the fitness function, selected the neural network mean square error indicators as particle group fitness function 
Where:
respectively represented the current particles velocity vector and the position vector, k was the current iteration number, 1 c , 2 c were learning factors,  was the shrink factor， 
Simulations
With an offshore wind farm in an area as an example to verify the analysis, the wind farm composed of 200 linear array wind turbines, unit capacity was 2.5 MW. According to 120 groups of average hourly wind speed sample data for 5 d [10] , mapped out short-term wind speed time series of curve (Fig. 1) . (Fig. 2) . In order to verify the feasibility of the method, used day 24 h average wind speed time series data for comparative analysis, and separately used gray GM (1,1) modeling method, BP network and SAPSO-BP network for validation. According to GM (1,1) Seen from Table 1 , the prediction results of SAPSO-BP algorithm was closest to the actual value of wind speed, the error was relatively stable, followed by BP algorithm, gray GM (1,1) model was the worst. According to the predicted value of each model were calculated their average absolute error (MAE), mean square error (MSE) and root mean square error (RMSE) ( Table 2) . As can be seen from Table 2 , GM (1,1) model mean square error reached 272.5%, 175.4% of the average absolute error, simply couldn't fit a nonlinear trend of short-term wind speed. Due to the presence of BP network falling into local minima and other defects, although the prediction accuracy was higher than GM (1,1) model, but its prediction error was still large, the mean square error of 66.8%, hadn't much practical value. SAPSO-BP model optimized the BP network's right and threshold parameters through the use of simulated annealing particle swarm algorithm, improved the generalization ability of the network, the average absolute error was 27.5%, the mean square error down to 9.28%, significantly improved short-term wind speed forecast accuracy, and the error was relatively small fluctuations, fully demonstrated the feasibility and effectiveness of this method.
Conclusions
In this paper, SAPSO-BP optimization algorithm had good ability to build a short-term forecasting model for wind farm wind speed prediction, mean square error of 9.28%. In several predictive model presented in this paper, this method was the minimum prediction error, robust and fault tolerance, was an effective reference model.
Rapid change in wind speed of time, predictions of several models volatility would be larger, the prediction error was significantly increased, which was the short-term prediction of wind farms Winds difficulty presence.
